Progress in treatment of impotence in the past two decades has resulted in impressive advances. While most men respond to medical therapy including prostaglandin E1 injection or the more recent use of urethral alprostadil, 6±7% of men fail to respond to these treatments or vacuum devices. This review considers current and past results of vascular surgery in this group of men. Guidelines for case selection for vascular interventions as well as reporting criteria are suggested. Vascular surgery as a logical ®rst step in selected patients may offer an advantage in men failing conservative therapy and for those not desiring prosthetic implantation.
Introduction
Interest in surgical interventions for impotence was prompted by Leriche's 1923 observation 1 that erectile failure was often the ®rst symptom of the syndrome of aortoiliac atherosclerosis which bears his name. It was recognized that erectile failure in these cases was due to inadequate cavernosal perfusion.
2 At the same time, as aortic operations became more common, these too, were found to cause post-operative impotence. 3 In the 1970s techniques of aortoiliac surgery were developed to minimize this complication and, in some instances, reverse preoperative impotence. 4 This subset of men, although signi®cantly older and atherosclerotic as well, often respond quite well to properly performed aortoiliac reconstructions.
5±7
In the 1970s, as a result of the concept of erectile failure due to inadequate cavernosal perfusion, attention was focused on corpus cavernosal revascularization. 8, 9 Early techniques used direct anastomosis of the inferior epigastric artery to the corporaÐand in some instances of proximal disease were effective until ®brosis of the tunica graft junction caused graft closure. In some cases high¯o w priapism was the result. Although direct revascularization now appears to be physiologically unsound, reports of direct cavernosal shunting techniques 10, 11 appear sporadically. In 1982 it was found that erection could be stimulated by intracorporal injection (ICI) of the vasoactive agents papaverine 12 and phentolamine. 13 This discovery illuminated the process of cavernosal smooth muscle relaxation required for normal erection as well as providing important tools for diagnosis and treatment. Currently prostaglandin (E 1 ) is preferred for ICI in the United States and the more recent use of urethral alprostadil is promising. 14 While most men respond to medical therapy, 15 a subset of menÐapproximately 6±7% of those complaining of impotence, fail to respond to medical treatment, ICI or vacuum devices. This subset of men become candidates for revascularization or prosthetic implantation. Inasmuch as prosthetic implantation precludes physiologic erection, vascular surgery might be chosen as a logical ®rst step in carefully selected cases. However, based on data obtained by meta-analysis, a recent Clinical Guidelines Panel 16 concluded that the results of venous and arterial surgery did not appear to justify routine use, particularly in patients with arteriosclerosis. This review considers some of the results and problems related to analysis of the ef®cacy of vascular surgery for impotence. It will be seen that vascular surgery, in carefully selected patients, might offer a clear advantage for men failing conservative therapy.
Patterns of vascular involvement
A classi®cation of the causes of vasculogenic impotence is presented in Table 1 . Common etiologies for these dysfunctions are also listed. In clinical practice several mechanisms and etiologies often co-exist making data analysis quite complicated. To determine candidacy for vascular surgery, the ideal patient would exhibit a single mechanism, namely failure of cavernosal perfusion, and a segmental correctable lesion amenable to bypass, endarterectomy, or stenting. Although the erectile response is essentially a vascular phenomenon, failure can also be caused by endocrine, metabolic, neurologic and psychogenic factors which need to be ruled out prior to vascular surgical intervention. Here it should be noted that prosthetic implantation will mechanically overcome virtually any abnormality, and that ICI or intraurethral alprostadil will also be effective in many cases.
Using non-invasive and invasive testing 17, 18 it is possible to de®ne subsets of anatomic patterns of vascular disease. 19 Hatzicharistou and Goldstein 20 have recently emphasized angiographic patterns in procedure selection, focusing on planning of microvascular procedures for penile revascularization based on localized distal disease. The author suggests the following broader subsets of anatomic patterns:
(1) Aortoiliac disease (2) Pudendal or penile artery segmental obstruction (3) Diffuse distal penile artery disease (4) Cavernosal leakageÐacquired or congenital At this point, it is critical to note that arterial in¯ow failure causes cavernosal smooth muscle dysfunction, which, in turn, causes venous leakage. No single test can unravel this disturbed physiology. For example when both dynamic infusion cavernosometry and cavernosography (DICC) and pudendal arteriography were used, 23% of men (average age 48.8 y) with normal non-invasive arterial studies suspected mainly of venous leakage, were found to have segmental arterial obstructive lesions. 21 Without selective arteriography, the mistaken application of a proximal reconstruction or the use of venous interruption would have guaranteed failure in many patients. In contrast, older, even arteriosclerotic men, with proximal lesions and functional smooth muscle can respond adequately to ICI, although erections will be slower to develop. In some of these men, however, the concern might be treatment of a proximal aneurysm with its potential for atheroembolism or rupture. For this reason ultrasound screening of the aortoiliac segment is recommended in the atherosclerotic patient with the abrupt onset of impotence. 7 In all cases, when microvascular surgery is to be considered for the chief complaint of impotence, both DICC as well as selective pundendal arteriography are needed to plan procedures. Some series 20±24 early considered these investigations in procedure planning, while others did not. Sharaby et al 
Types and results of vascular interventionsÐ personal results
At this point it is useful to summarize personal experience, previously reported with investigation of 1145 men (average age 55.5 y) with the chief complaint of impotence between the years 1983 and 29±31 absence of erectile responses after ICI using papaverine and later prostaglandin E 1 and absence of diabetes or need for antihypertensive drugs. A variety of reconstructions were based on the patterns outlined above in 74 men or about 6% of those examined. All procedures described in the literature have been used with the exceptions of the Hauri procedure 32 and direct revascularization of the deep cavernosal artery 33 which was found, on operative exposure to be inadequate for microvascular anastomosis. Failure rates increased considerably with microvascular anastomoses of vessels less than 1 mm in diameter. Details of our methods and techniques have been published previously. 34, 35 Group 1: Aortoiliac disease Of 23 men with aortoiliac disease, in whom the chief complaint was impotence, 11 aneurysms were repaired using inlay grafts with nerve sparing dissections and with anastomoses at the junctions of the internal and external iliac arteries. 4, 5 Abrupt onset of impotence in three of these men was probably due to emboli from small aneurysms or atheromatous ulcers with debris in the common iliac arteries. In 12 men with occlusive disease, with ankle to arm indices of`0.6, a variety of reconstructive techniques were used. These included: femoro-femoral bypass, transluminal angioplasty of common or external iliac arteries and internal iliac endarterectomy. All exhibited postoperatively improved penile brachial and extremity indices and plethysmographic recordings. Two did not regain erectile function due to the continued need for drug use (lithium and propanalol) postoperatively. With follow-ups ranging from 12±72 months, (average 38 months) 60% of men undergoing aortoiliac procedures reported spontaneous erectile function, 15% had erections with ICI or VCD devices and 25% remained impotent. The average age of 64 y for this group, as compared to the average age of Groups II through IV (42 y) was signi®cantly higher (P`0.01 by Chi square).
Group II: Dorsal penile artery bypass
This procedure was done in 12 men using the inferior epigastric artery as an in¯ow source with microvascular anastomoses to the dorsal penile artery. End-to-end anastomoses using the bid inferior epigastric artery into both proximal and distal divided dorsal penile artery has been recently favored. 35 At follow-ups ranging from 12±48 months, (average 33.4 months), 27% of these men reported spontaneous erections, with the addition of ICI, 72% reported function that had not been present preoperatively and 28% remained impotent.
Group III: Deep dorsal vein arterialization
This operation was performed on 12 men when penile arterial disease was diffuse and with no suitable anastomotic sites in the dorsal arteries. Furlow's method was used. 22, 36 The inferior epigastric artery was anastomosed to the deep dorsal vein. Two cases of glans hyperemia with ulceration required secondary intervention. At follow-up of 12±84 months (average 34.5 months), 33% of these men had spontaneous erections, 47% responded to ICI, and 21% remained impotent.
Group IV: Venous interruption
Dorsal vein interruption, resection 37 and coil embolization 5 were used in 27 men. At follow-up ranging from 12±106 months, (average 48 months) 33% functioned spontaneously and 44% used ICI. The routine use of selective arteriography to rule out arterial insuf®ciency, a complete initial operation, a favorable anatomic pattern of dorsal vein leakage were factors determining successful outcomes. As noted by others 38 a pattern of declining erectile function occurs with time after venous interruption. Ideal cases are those associated with trauma, and ef®cacy appears to relate to objective reduction of ow to maintain erection as determined by DICC. 39 
Literature results
Penile revascularization is being re-appraised 40 because recently reported results are said to range from success rates of 27±65% for dorsal penile artery bypass and 33±52% for dorsal vein arterialization. A number of reviews exist, including those of Goldstein 41 and Sharaby and associates, 25 as recently as 1995. These put success rates for microvascular reconstruction at the highest end of these ranges. Some reports in the urologic literature include cases of aortoiliac insuf®ciency for example those of Michal 9 and Virag, 42 macrovascular reconstruction clearly needs separate consideration from the microvascular procedures. There have been no life table data published in the urologic literature, as usually shown in reports of patency and limb salvage in the vascular literature. In the case of erectile function both graft patency and potency need to be consid-ered. These data are urgently required. It should also be clear that each subset of impotent men with differing vascular pathology requires a speci®c approach. Etiology and risk factors preoperative and postoperatively would also be factors determining success or failure. Systematic reporting of these data are also lacking. It is therefore dif®cult, if not impossible, to compare current procedures and results as comprehensively as one might wish.
With aortoiliac disease, the issue of post-operative impotence is confused by the effects of aortoiliac bypass. This procedure itself can cause impotence particularly when retrograde¯ow via the external iliacs does not occur. This operation is done for peripheral ischemia and, as indicated, efforts must be directed toward nerve sparing dissection and restoration of¯ow into the internal iliac artery. Using these principles even older patients will exhibit improved erectile function as was mentioned previously. 6, 7, 41, 43, 44 Femoro-femoral bypass in certain cases causes similar results. 45 Experience with direct hypogastric artery reconstruction, a relatively rare operation, has been described 46 and has yielded good results. Recently 3 out of 4 men undergoing this procedure by Johansen 47 described improved erectile function con®rmed by improved postoperative penile plethysmography. The importance of aortoiliac disease should not be underestimated; about 12% of men presenting with the chief complaint of impotence will have a signi®cant element of proximal large vessel involvement.
Arterial-arterial anastomoses to the dorsal penile artery have been extensively described by Goldstein. 41 In over 150 cases performed since 1982 up to the date of reporting, 80% functional restoration was claimed. The importance of post-operative follow-up arteriography was recently stressed by this group in trauma-associated pure cavernosal artery insuf®ciency. 48 These showed patent and well functioning grafts. MacDougal and Jeffry reported one year results as good in six of eight patients. 49 In 1987 Pearl and McGhee 50 described 10 men followed from 4±6 y after surgery; eight reported excellent early postoperative function with two men noting late failure at three and four years respectively. Lizza and Zorgniotti 23 operated on 42 men using this technique. Results, de®ned as successful intercourse, were: 53% at one year, 41% at two years, 54% at three years, 56% at four years and 40% at ®ve years. Failures tended to appear early and successes remained stable over time.
Cookson et al 24 also used mainly dorsal artery anastomoses, in some instances combined with a venous procedure, in 50 patients. With a median follow-up of 24 months, 48% had an excellent result. 40% were improved and 12 failed. Melman and Riccardi 51 reported results in 18 patients using arterial and venous anastomoses where indicated. Six reported successful coitus and four had coitus with ICI in follow-ups ranging from six to twenty four months. Jarow and DeFranzo 52 operated on only 11 of 1352 impotent men screened over a 7 y period with an average followup of 50 months. The ®nal success rate was 64% and 27% were reported to be active with ICI. Austoni et al 53 described results of patency at 19 months to be 82% of their bypasses. Fitch and associates 54 operated on 170 patients or about ®ve percent of those they treated for impotence. In this recent and, as yet, unpublished series, this group reported a 53.5 excellent success rate (namely unaided satisfactory intercourse) and improved or successful intercourse with ICI in 35.3% for a total of 89.4% functioning after 31±111 month followup (median 37.9 months).
The Hauri procedure 32 which is popular in Germany, uses an anastomosis created between the deep dorsal vein and the dorsal artery with an onlay graft of the inferior epigastric artery. As mentioned previously the author has not had experience with this type of reconstruction. The use of the arteriovenous shunt might improve patency of the epigastric artery graft and also increase pressure in the venous system. The results, of these procedures and their modi®cations in some series, 55, 56 are reported to range from 41±81% with series consisting of 35± 105 patients. Loblenz et al 57 describe a modi®ed Hauri procedure on 19 men not responding to ICI. Eleven patients were capable of erection at 13.4 months. Many of these reports included diabetics and smokers. Breza et al 58 used a variant of thè triple anastomoses' on six patients with pelvic fracture and uretheral rupture along with other procedures. The cumulative success rate of venous arterialization was reported to be 67.5%.
With the Hauri procedure, as well as with deep dorsal vein arterialization, glans hyperemia is a serious complication. 6, 59 The appearance of glans hyperemia may be delayed as long as 42 months postoperatively. 60 This complication demands immediate attention, as ulceration, tissue loss and urinary retention occur. These complications can be averted with prompt distal venous ligation. One of the largest series of deep dorsal vein arterialization, that of Furlow et al, 34 156 patients published in 1992, reported 68% functioning normally with followups of six months to seven and one-half years. Undoubtedly due to the inaccuracies of diagnosis in this developing ®eld and the application of a variety of techniques, 61±64 past results of arterial vascular interventions are dif®cult to assess.
The routine use of venous interruption could also be expected to yield the highly variable results documented in recent literature. The most current opinions range from advocacy 65 to quali®ed reservation 66, 67 and ®nally to complete condemnation of this procedure. If important arterial in¯ow or cavernosal smooth muscle dysfunction were to be overlooked in case selection, the divergent results 68±71 reported for venous interruption can be understood. Well selected series tended to yield better results. A similar situation can occur when arterial in¯ow correction alone is used for mixed vasculogenic impotence. For example, shunting from the epigastric artery via the penis was reported with correction by venous ligation leading to potency. 72 
Future considerations
Randomized clinical trials (RCT) have been suggested to assess vascular surgery for impotence. 40 Even in ideal situations RCTs might evaluate less than 40% of surgical treatment questions. 73 For penile artery bypass or proximal reconstruction only ®ve to seven percent of patients are surgical candidates for impotence non-responsive to medical treatment. In 1997 it is possible to structure case control studies for rational investigation of outcomes of vascular surgery for impotence. The criteria for case selection must include failure of conservative therapy: at the least this would include risk factor modi®cation, ICI, and VCR. Informed consent must be gotten regarding long term results of vascular intervention versus ef®cacy and risks of penile prosthesis. A comprehensive presurgical workup would include, at the least DICC, neurologic testing, and pharmacoangiography. An ultrasound survey of the aorta is recommended for older subjects in addition to the usual comprehensive investigations for systemic or neuroendocrine diseases such as diabetes and uremia. Ideally, any patient receiving vascular surgery would be a non smoker. Figure 1 details a branch chain logic used by the author in selection for vascular surgical interventions.
Future reports of results should describe, in addition to age, a cohort ranking using comparable patterns of vascular disease and etiology insofar as possible. Types of reconstructions for pure arterial or mixed problems must be separately compared side by side. Post operative results might be described using subjective self and partner report criteria along with objective (ICI, Duplex scan, Doppler Study, arteriography or MRA) studies to determine responsiveness and/or technical failure. Outcome assessment of any vascular procedure need not be complicated. In vascular surgery for impotence, graft closure is often signaled by sudden loss of function. 6 In some instances erectile function does return just as limbs are salvaged after a period of perfusion followed by graft failure. This is also true of deep dorsal vein arterialization. Here the direction of¯ow observed by us 74 and by Sohn et al 75 appears to be mainly into the spongiosum. While the physiology of deep dorsal vein arterialization is not clear, the procedure can be clinically effective in cases of diffuse penile artery obliteration. Finally, long term results must be quantitatively described using life table analysis or Kaplan Meier curves 76 for each type of vascular procedure and compared with prosthetic device ef®cacy.
In 1997 it is clear that treatment of erectile failure will rely less frequently on vascular surgical interventions and more heavily on medical treatment. Younger patients with pelvic trauma are the best but by no means the only candidates. An important exception resides in that challenging group of men with aortoiliac disease, particularly those with aneurysms or localized internal iliac artery occlusions. It is worth re-emphasizing that results in these older men can sometimes be superior to those achieved in younger men undergoing microvascular reconstructions. 
